The diet of Japanese Spanish mackerel larvae consisted exclusively of other fish larvae. Clupeiformes fish were the dominant prey, followed by Gobiidae larvae. Percentage of stomachs with food and stomach fullness was high in day and peaked at dusk, then decreased throughout night. Stomach-con tents of Japanese Spanish mackerel larvae became more diverse from dusk to midnight, primarily due to occurrence of Callionymidae and chub mackerel Scomber japonicus larvae which did not appear in stomachs during the day. Though primarily a daylight feeder, feeding at dusk may be very important since prey may be less active and more efficiently captured. Japanese Spanish mackerel Scomberomorus niphonius is distributed in southwestern coastal waters of Japan and is a particularly important fisheries resource in the Seto In land Sea. Previous reports have suggested that the year class strength of this species is determined by the early juvenile stage in the Seto Inland Sea." To understand the process of recruitment of this species detailed biological in formation on the early life stages are needed.
Previous studies of the early life history of Japanese Spanish mackerel suggest that the survival strategy of this species includes precocious development in the digestive system,') piscivorous habits from first feeding stage,') brief larval occurrence synchronized with peak abundance of their prey fish, and rapid growth in early life stages.'' There may be adaptive advantages to diet vertical migra tion in early life stages of marine fishes.') Regular vertical migration may enable fish larvae to encounter patchily dis tributed prey organisms, assist aggregation with the con specifics, and promote nocturnal tidal transport. Inflation of the swim bladder at night would be expected to minimize energy required for maintaining position in the water column and reduce predation by piscivorous ben thos or invertebrate plankton such as Chaetognaths which respond to movement or turbulence produced by prey animals. In addition, vertical dispersion in water column reduce probability of mass predation. It is important to ac cumulate detailed data on distribution and feeding habits of the larvae for understanding survival and recruitment process. This paper describes diel changes in vertical distri bution and feeding rhythm of Japanese Spanish mackerel larvae, which is poorly understood.6,7)
Materials and Methods
Samplings over periods of 24 hours were carried out dur ing two cruises of the R/V Yuri and RJV Hiuchi (Ehime Prefecture Chuyo Fisheries Experimental Station) on 13 14 June 1996 and 3-4 June 1997. Discrete depth horizontal tows were made with a conical larva-net (mouth diameter, 1.3 m) equipped with a flow meter. Three layers (0, 10, and 20 m in depth) were sampled in 1996 and four layers (0, 5, 10, and 20 m in depth) in 1997. In order to make the dis crete depth sampling correct as possible, the horizontal tows were conducted as follows: at the beginning of each tow, the larva-net was hung in water with a buoy and a rope which was 0.6 m shorter than the towing depth, and it was pulled upright immediately after a 10 minutes tow at a speed of 2 kt, during which the net was maintained at a depth based on length and angle of a wire rope. Mesh size of the nets used were 1.0 and 0.5 mm in 1996 and in 1997, respectively. Sampling stations were located in Hiuchi nada, the central waters of the Seto Inland Sea (Fig. 1) , and sea depths fluctuated between 21 and 24 m during the samplings due to tidal changes. Nine and ten sets of the tows were made in 1996 and in 1997, respectively. Water temperature and salinity were measured with STD (Alec Memory STD) at the beginning of each set of sampling which was finished within 40 minutes.
Samples were fixed in 10% seawater formalin and Japanese Spanish mackerel larvae were sorted in the laboratory. Significant loss of yolk-sac larvae through the mesh can be expected in 1996 sampling since the maximum body height of larvae including yolk-sac3) is smaller than the mesh size (1 mm). Thus the data on yolk-sac larvae col lected in 1996 were not used in this study. Standard lengths (SL) were measured to the nearest 0.1 mm using a dissect ing microscope and volume of the swim bladder was calcu lated according to Kitajima et al.e) Stomach contents of 302 larvae were examined and feeding incidence (percen tage of stomachs with food) and stomach fullness9l (rang ing from I to 5: 1=empty; 2 <half-full; 3 =half-full; 4>half-full; 5=full) were determined for the larvae from each set of the tows. Standard lengths of chub mackerel Scomber japonicus and Callionymidae larvae, which were simultaneously collected with the Japanese Spanish mack erel larvae, were also measured. Total of 143 (3.9-11.5 mm SL) and 209 (3.0-10.3 mm SL) Japanese Spanish mackerel larvae were collected in 1996 and 1997, respectively. Vertical distribution of Japanese Spanish mackerel larvae, shown as percentages of occurrence at depths for day, night, and crepuscular periods (Fig. 3) , suggests that vertical distribution changes with development and the diel cycle. The profiles of day and night are mean of the two to five sets for each cruise. Vertical migration of yolk-sac larvae was not clear though upward movement during the night is suggested. Propor tion of early larvae less than 6 mm in surface and sub-sur face tows increased at night. The lack of the larvae in the shallower tows during the day might reflect net avoidance of them. In the sub-surface tows, however, the larvae were abundant at dawn although not collected at dusk. These results could allow us to conclude that the larvae don't nor mally distribute in the surface layer during the day and ex hibit nocturnal vertical movement toward upper layer at night. The same pattern was apparent in larger larvae.
Voluminal Changes in Swim Bladder
The volume of swim bladder increased exponentially with growth of larvae. Mean volumes of swim bladder were higher at night than those during day throughout the larval size examined (Fig. 4 ). Significant differences in the mean volumes between day and night were found at some of the size ranges from 4.0 to 9.9 mm SL (U-test, p <0.01). 
Feeding
Stomach contents of Japanese Spanish mackerel larvae examined consisted exclusively of other fish larvae and diel changes of feeding incidence (percentage of stomachs with food) were evident (Fig. 5) . Feeding incidence increased during the day, reached a maximum at dusk (96.8% in 1996; 100% in 1997), and then consistently decreased dur ing the night to a minimum at dawn (16.7% in 1996; 26.3% in 1997).
Diel changes of mean stomach fullness showed a similar trend to that of the feeding incidence:
an increase after dawn and decrease after dusk were observed in both years (Fig. 6 ).
Stomach content composition
showed that the dominant prey species belonged to Clupeiformes (53.8% in 1996; 66.7% in 1997), including Japanese sardine Sardinops melanostictus, gizzard shad Konosirus puncta tus, and Japanese anchovy Engraulis japonica. Members of the family Gobiidae were also important (7.7% in 1996; 28.0% in 1997). Other taxa such as chub mackerel and Cal lionymidae occupied less than 5.0% in all.
During the daytime, stomach content was dominated by Clupeiformes and Gobiidae prey however from dusk to midnight stomach content was more diverse due to the oc currence of chub mackerel and larvae of the family Cal lionymidae (Fig. 7) . In previous studies, most Japanese Spanish mackerel lar vae were collected in the middle layer during daytime.') An increase in density in surface layer at night was also report ed in the Seto Inland Sea.') This study confirmed nearly the same pattern of diel vertical distribution, and demonstrat ed that swim bladder inflation contributes to nocturnal up ward movement (Fig. 3, 4) . Some species of common coastal marine fish (e.g. red sea bream Pagrus major10) and Japanese flounder Paralichthys olivaceus11) exhibit the same pattern of diel vertical distribution during their early life stages as that of Japanese Spanish mackerel: upward movement at night. In contrast other species (e.g. Japanese sand-eel Ammodytes personatus'Z) and black sea bream Acanthopagrusschlegeli131) exhibit the opposite pat Based on the stomach content analysis of diel samples, Japanese Spanish mackerel larvae feed primarily during the daytime. However, dusk may be an important time for feeding in this species. Maximum feeding incidence (Fig.  5 ) and mean stomach fullness found at dusk (Fig. 6) , and the diversified stomach contents from dusk to midnight (Fig. 7) would indicate that the larvae actively feed at this time. The same phenomenon was observed in other scom brid fishes such as Atlantic mackerel") and skipjack tuna Katsuwonuspelamis.*
The active feeding at dusk is consi dered to help these voracious feeders to store energy be fore they stop feeding. For the piscivorous Japanese Span ish mackerel larvae, dusk may be an important period for feeding because the escape ability of fish larvae may be reduced at this time. In the Seto Inland Sea, Japanese Spanish mackerel larvae were reported to feed chiefly on larvae with slender body forms (Clupeiformes and Gobii dae) during daytime.3,4) Stomach contents of Japanese Spanish mackerel larvae tended to be diversified from dusk to midnight due to occurrence of chub mackerel and Callionymidae larvae that have a more robust form." Generally swimming speed of fish larvae with a relatively thick body is faster than larvae with slender bodies.16) The occurrence of both slender (Clupeiformes and Gobiidae) and thick-shaped (chub mackerel and Callionymidae) prey in the diet at dusk suggests increased vulnerability of prey at this time due to reduced swimming activity. Indeed our day and nighttime ichthyoplankton samples show in creases in mean densities for larger larvae of chub mack erel and Callionymidae at night (Fig. 8) , suggesting reduced escape performance of these species after dusk. More detailed data should be accumulated on diel change in swimming activity, particularly at dusk, of prey fish as well as predatory Spanish mackerel.
